Aneurysms of the vertebral artery are rare, comprising less than 5% of all aneurysms. They can present with subarachnoid hemorrhage, medullary compression, and cranial neuropathies. In consideration of their surrounding regional anatomy, they present a formidable surgical challenge to the neurosurgeon using traditional techniques. Recent advances in endoscopic transnasal surgery have provided an additional approach for the treatment of these difficult lesions.
clipping, trapping, and aneurysmorrhaphy to relieve the mass effect. This report describes the relevant anatomy and technical nuances of an expanded endonasal approach (EEA) to the craniocervical junction. To our knowledge, this is the first report in the literature of a transnasal aneurysm clipping and thrombectomy.
CASE HISTORY
A 51-year-old left-handed woman was initially admitted to the hospital in January 2005 with headache and was treated for viral meningitis. After discharge, she began to note progressive clumsiness and weakness, as well as significant headache, neck pain, sensory alterations, incoordination, and vertigo. These symptoms prompted a computed tomographic scan in September 2005 that demonstrated a right VA aneurysm. On her examination, the patient had mild left leg weakness and hemisensory changes. Her past medical history was significant for atrial flutter and a supraventricular tachycardia that did not respond to ablation, but was controlled with medication. She had meningitis as a child.
Diagnostic angiography and magnetic resonance imaging demonstrated a partially thrombosed right VA fusiform aneurysm arising just proximal to the posterior inferior cerebellar artery and compressive of the cervicomedullary junction ( Fig. 1) . Diagnostic angiography showed partial filling of the aneurysm in comparison with the magnetic resonance imaging and computed tomographic angiography. The distal segment of the aneurysmal dilation was proximal to the origin of the posterior inferior cerebellar artery.
With use of endovascular techniques, her aneurysm was successfully trapped with coils placed at the level of the intradural VA proximal to the aneurysmal dilation, as well as the distal VA beyond the fusiform dilation and just proximal to the vertebrobasilar junction (see Endovascular Therapy below). However, the mass effect, which was responsible for her progressive long-tract signs, remained. To relieve the mass effect and ensure complete long-term obliteration of the aneurysm, the patient underwent a completely endoscopic and fully transnasal trapping of the aneurysm and aneurysmorrhaphy (see Expanded Endonasal Approach below).
On postoperative Day 1, the patient dislodged her nasal packing and deflated the nasal balloon used for reconstruction and, therefore, was returned to the operating room for repacking. The patient was known to have a primary lung mass and developed a postoperative pneumonia requiring antibiotics. Her course was also complicated by a pulmonary embolus needing full systemic anticoagulation as well as cardiac pacemaker for her primary dysrhythmia. The patient was discharged to rehabilitation neurologically intact with an improvement in the preoperative symptoms including the weakness, incoordination, and sensory changes. Postoperative computed tomographic scans and flexion extension views confirmed craniocervical stability with no need for arthrodesis.
METHODS Endovascular Therapy
Using the Seldinger technique and a 5-French micropuncture set, a 7-French right common femoral sheath was placed. A complete four vessel diagnostic cerebral arteriogram was performed demonstrating no significant posterior communicating arteries, patent bilateral VA, a right posterior inferior cerebellar artery-anterior inferior cerebellar artery variant arising from the basilar artery, and a partially thrombosed 11-mm right VA fusiform aneurysm taking origin from the intradural segment of the right VA (Fig. 1) . A 0.035-inch hydrophilic exchange wire was advanced into the right VA, the Simmons catheter was removed, and a previously prepared 8.5-mm Meditech balloon occlusion catheter (Boston Scientific Corporation, Natick, MA) was placed into the left VA at the C2 level. The balloon was inflated, arresting anterograde blood flow, and the patient was administered 10,000 units of heparin intravenously. A subsequent activated coagulation time was greater than 300 seconds. Roadmap runs were performed showing the proximal and distal VA, aneurysm, and vertebral confluence. An Echelon 0.014-inch microcatheter (Micro Therapeutics, Inc., Irvine, CA) was advanced over a 0.014-inch Expeedior microwire (Micro Therapeutics, Inc., Irvine, CA) past the aneurysm and placed just proximal to the VA confluence. The VA was occluded distal to the aneurysm using Micro Therapeutics NXT platinum detachable coils. The microcatheter was then drawn proximal to the aneurysm, and proximal arterial occlusion was carried out using the same coils. Having trapped the aneurysm distally and proximally, we removed the microcatheter from the balloon catheter, and 0.025 inch 5 mm ϫ 3 cm fibered coils (Cook Corporation, Bloomington, IN) were placed in the VA at C2 until contrast injection confirmed arterial occlusion at this level. The balloon was deflated, and the catheter was removed. A diagnostic left VA arteriogram was then performed showing absence of retrograde opacification of the trapped aneurysm. All catheters were removed, and the patient was placed on 800 units of heparin for the next 24 hours and 325 mg of aspirin each day. Neurological examination remained at baseline while the patient was observed in the intensive care unit overnight.
Expanded Endonasal Approach for Clipping and Aneurysmorrhaphy

General Exposure
The patient was positioned supine on the operating table, and general endotracheal anesthesia was induced. Intraoperative monitoring was used, including lower cranial nerve electromyographs. The patient was fixed in Mayfield head pins, and registration with a Stryker image-guidance system (Kalamazoo, MI) was completed. Pledgets soaked in Afrin nasal solution were placed intranasally bilaterally. The pledgets were removed, the nasal cavity was inspected with a 0-degree endoscope (Karl Stortz, Culver City, CA), and a binasal exposure to the sphenoid, as previously described by our group, was initiated. The right middle turbinate was transected and removed. The mucosa over the anterior face of the sphenoid and posterior septum was cauterized. The posterior 1 to 2 cm of the nasal septum was resected to provide additional exposure. This represents the key step in the general EEA exposure and facilitates bimanual binasal dissection, minimizing contamination and visual obscuration of the endoscope by the intervening nasal septum. A high-speed EEA drill (Stryker, Kalamazoo, MI) was used to expose the floor of the sphenoid sinus. This was continued until the sphenoid floor was flush with the clivus to the level of the sphenoclival recess. The lateral sphenoid exposure was continued until both medial pterygoid plates were exposed.
Foramen Magnum Exposure
Once this general exposure was achieved, the caudal extension was pursued. The posterior nasal septum was disarticulated from the rostrum of the sphenoid bone; this allows for a common cavity extending from the sphenoid sinus to the soft palate that is bounded laterally by the eustachian tubes. This maneuver is critical for lower clival and foramen magnum exposures (5) . Next a horseshoe-shaped flap was prepared in the nasopharynx, exposing the underlying paraspinal muscles. The midline raphe of these muscles was identified, and the muscles were then stripped away, exposing the underlying arch of C1, foramen magnum, basion, medial occipital condyle, and the superior articular facet of C1 (Fig. 2) . A detailed step-by-step description of this caudal extension can be found in our previous report describing the EEA module for accessing the odontoid (5).
Paramedian Osseous Craniocervical Exposure
The initial exposure described above provides access to the midline foramen magnum and craniocervical junction (Fig. 2,  A-E) . In considering the eccentric paramedian location of the aneurysm, this exposure was extended laterally (Fig. 2, A-C) . The lateral extension is initiated by removing the synovial capsule overlying the medial occipital condyle. The most medial portion of the condyle was then drilled away, avoiding the hypoglossal canal laterally (Fig. 2E) . Next, the medial portion of the superior articular facet of C1 was partially removed (Fig. 2F) . This provides for access to the inferior lateral portion of the aneurysm and proximal control of the right VA as it enters the dura (Fig. 2, B and C, proximal exposure).
Soft Tissue and Dural Exposure
Once the overlying bone was removed, the dura under the clivus and at the craniocervical junction was exposed (Fig. 3A) . The dura was cauterized, and the surface bleeding from the circular sinus was controlled with cautery and Avitene (Ethicon, Somerville, NJ) packing (Fig. 3B) . The VA containing the coil mass distal to the aneurysm was identified using an image-guidance system. The overlying dura over this distal VA was then resected to expose the distal segment of the aneurysm. The arachnoid membrane, which had been preserved, was sharply dissected, and the large aneurysm sac was visualized (Fig. 3C) . The dura was opened in a proximal direction, completely isolating the circular sinus and allowing for circumferential cauterization and sectioning (Fig. 3C) .
Intradural Dissection
After the dural opening, the aneurysm and its relationships to neurovascular structures were systematically identified (Fig. 4A) . The initial view using a 0-degree scope demonstrated the aneurysm causing compression of the underlying medulla. The distal right VA could be seen with the coil mass within it, and proximally, the hypoglossal (XII) nerve coursing deep to the inferior lateral margin of the aneurysm was identified (Fig. 4B) . A 45-degree endoscope was then used to identify the structures within the medullary cistern and along the ventral brainstem. Sequentially, the left VA and the distal right VA forming the vertebrobasilar junction were identified. The arachnoid bands forming the medullary cistern were opened using sharp dissection. A single, small perforator originating from the right VA and traveling laterally across the medullary cistern was isolated. The ventral lateral medulla with small vessels overlying it was visualized. The origin of the vagus nerve (X) as it emerged from the vagal trigone and the foramen Luschka was identified (Fig. 4, C  and D) . The aneurysm was mobilized medially to more clearly
FIGURE 4. Schematic and intraoperative endoscopic endonasal views demonstrating the intradural anatomy and dissection of the aneurysm. A, schematic view after the opening of the dura. The intervening fusiform aneurysm (A) is seen as the right vertebral artery enters the dura proximally and travels distally to meet the left vertebral artery (LV), forming the vertebrobasilar junction. The aneurysm compresses the medulla (M) and lies ventral to the origin of the vagus (X) and hypoglossal (XII) nerves that then course laterally directly deep to the aneurysm. B, intraoperative endoscopic endonasal view demonstrating the initial view after the dural opening. The aneurysm (A) can be seen causing compression of the underlying medulla (M). The distal portion of the right vertebral artery can be seen with the coil mass (CM) within. Proximally, the origin of the hypoglossal nerve (XII) can be seen emerging from the medulla. Note the small vasovasorium vessels coursing along the fundus of the aneurysm. C, intraoperative endoscopic endonasal view using a 45-degree scope demonstrating the relationships of the aneurysm (A) to the critical neurovascular structures. The distal right vertebral artery with the coil mass (CM) and the left vertebral artery (LV) travel distally to form the vertebrobasilar junction. The aneurysm can be seen compressing the underlying medulla. The small perforator (P) emerging from the distal right vertebral artery traveling across the medullary cistern (AC) is seen. The origin of vagus nerve (X) from the brainstem at the level of outlet of the fourth ventricle and foramen Lushka (FL) are located along the lateral border of the aneurysm. D, correlative cadaveric endoscopic endonasal view demonstrating the contents of the medullary cistern. The right vertebral artery (RV) travels from the proximal to distal directions to join the left vertebral artery (LV), forming the vertebrobasilar junction. The location of the fusiform aneurysm seen in the previous image (C) is illustrated by the oval shadow. The cadaveric image demonstrates the normal position of the underlying medulla (M) when it is not subject to compression by an aneurysm. The same small perforator (P) is seen originating from the RV and traveling across the medullary cistern. The origin of the vagus nerve (X) can be seen at the level of the Foramen of Lushka (FL), and the choroid plexus (CP) emerging from fourth ventricle is seen. The origin of the course of the hypoglossal (XII) nerve is illustrated along the inferior lateral border of the projected aneurysm. E, intraoperative endoscopic endonasal view after mobilization of the aneurysm fundus (A) medially. This allows for direct visualization of the outlet of the fourth ventricle (FL). The vagus nerve (X) above and the hypoglossal nerve (XII) below are seen. Note the small vasovasorum vessels traversing the fundus of the aneurysm. The distal vertebral artery with the coil mass (CM) joins the contralateral left vertebral artery (LV) to form the vertebrobasilar junction. Note the compression of the medulla (M) by the fundus of the aneurysm.
identify the outlet of the fourth ventricle and origin of the XII nerve (Fig. 4E) .
Aneurysm Trapping and Aneurysmorrhaphy (see video at web site)
After circumferential dissection of the aneurysm, a bayoneted aneurysm clip using a pistol grip applier was placed distal to the fusiform dilation and proximal to the distal coil mass. The first attempt incorporated a small perforator arising from the distal right VA and also failed to completely incorporate the distal right VA. This clip was repositioned more proximally, and the clip blades were rotated clockwise. This was performed under direct visualization with a 0-degree scope; this revised trajectory is illustrated in Figure 5A . After clip application, the blades were then examined using a 45-degree scope to ensure the perforator was spared, and complete clipping was achieved (Fig. 5B) . A gently curved microclip was used to clip the proximal segment of the aneurysmal dilation just distal to the proximal coil mass. The clip blades were applied in a trajectory to avoid the XII nerve that had been previously dissected (Fig. 5C) .
Once complete obliteration of the fusiform aneurysm was achieved, the ventral wall with the vasovasorium vessels feeding it were coagulated and opened. Upon opening the aneurysm, wall flashes of arterial blood were encountered, and additional coagulation of the wall and vasovasorium was required. The opening was extended, and the thrombus was seen within. With use of a modified EEA ultrasonic aspirator (Radionics, Boston, MA), a thrombectomy was performed (Fig.  6) . Once the thrombectomy was completed, clear pulsations of the lateral medulla were seen, confirming decompression and relief of the mass effect. We opted not to resect the back wall of the aneurysm because the goals of surgery were met and we were concerned about adherence to the medulla.
Reconstruction
Adequate hemostasis was achieved, and the dura was reconstructed with an intradural inlay Duragen (Integra Life Sciences, Boston, MA) graft followed by an extradural onlay allograft. Fat autograft was harvested from the abdomen and used to cover the onlay allograft and fill the defect. This was followed by fibrin glue. A Foley catheter balloon was inserted transnasal on the left side and inflated to provide support to the grafts to prevent graft migration. Intranasal silastic splints were sutured in place bilaterally, and a lumbar drain was placed. A more detailed description of the reconstruction technique can be found in our previous report of EEA reconstruction.
The patient dislodged the packing and deflated the balloon on postoperative Day 1. The patient was returned to the operating room, and it was seen that the balloon had been dislodged along with the fat graft and the onlay allograft; these were found floating within the nasopharynx. The grafts were repositioned, a new balloon was inserted, and the patient remained compliant with postoperative instructions. The patient achieved a watertight seal without evidence of cerebrospinal fluid leak and demonstrated excellent healing with granulation tissue at the 6-week follow-up nasal endoscopic examination.
FIGURE 5. Intraoperative endoscopic endonasal view demonstrating the sequence of aneurysm trapping. A, intraoperative endoscopic endonasal view demonstrating clip repositioning. After the initial clipping, the clip blades (CB) were rotated clockwise along a more proximal trajectory to avoid the contralateral vertebral artery (LV) and small perforator (P) arising from the ipsilateral distal vertebral artery. The clip was applied just proximal to the distal coil mass (CM). B, intraoperative endoscopic endonasal view using a 45-degree scope to inspect the position of the distal clip blades. Note the perforator origin (P) is preserved, and the right blade has completely occluded the distal ipsilateral VA while preserving the contralateral LV. C, intraoperative endoscopic endonasal view demonstrating the trajectory of the proximal clip blades (PCB) to avoid the hypoglossal nerve (XII). The distal clip (DC) is seen to the right.
A, aneurysm; M, medulla.
DISCUSSION
Because of their location and the surrounding regional anatomy, including cranial nerves, and the brainstem, VA aneurysms present a formidable surgical challenge to the neurosurgeon. The advent of endovascular techniques has proven to be extremely valuable for these lesions, allowing for direct intraluminal therapy in hope of avoiding the approach-related morbidity that results from the conventional techniques (6). However, endovascular therapies are often less effective in dealing with the consequences of mass effect and direct brainstem compression, particularly in the acute setting.
In the present case, our patient underwent successful endovascular treatment of the partially thrombosed VA aneurysm, but was left with significant medullary compression that resulted in sensory changes and progressive motor changes. An option would have been to wait to see whether the reduction in pulsatility would have resulted in symptomatic relief. However, we were concerned about increased mass effect secondary to stasis and additional thrombus formation, particularly given the limited space available and progressive symptoms. Furthermore, there were concerns of ongoing delayed aneurysm growth secondary to recanalization or feed from the rich vasovasorium (1) . On the basis of these concerns, a decision was made to proceed with surgical decompression.
Management options to reduce the bulbar compression included surgical approaches to address mass effect produced by the aneurysm thrombosis. Surgical techniques include proximal ligation and direct microsurgical clip ligation. The conventional surgical approaches using a lateral to medial trajectory include the lateral suboccipital approach, the far lateral approach, and the combined retrolabyrinthine presigmoid approach (2) . These have proven to be invaluable in accessing these complex lesions but, at times, can prove to be restrictive. Often, despite extensive osseous and soft-tissue mobilization, the access provided becomes a narrow corridor, leaving the surgeon to navigate between critical structures, particularly the lower cranial nerves.
Crockard and Sen (3) pioneered the early efforts to gain direct ventral surgical access to the intradural craniocervical junction via microsurgical transoral techniques. These failed to gain popularity as a result of the issues related to transgressing the oropharynx, dural reconstruction, and the compromised visualization provided by using the microscopic at a distance along the long transoral corridor. Ogilvy et al. (7) reviewed their experience with the transfacial transclival approaches in a series of five patients. This approach was used for midline posterior circulation aneurysms that were thought to be inaccessible by the lateral approaches. The approach is technically difficult because of the narrow corridor and long reach. Associated morbidities include cerebrospinal fluid leak and meningitis, but this approach avoids the palatal issues in the transoral techniques.
Recent advances in transphenoidal transnasal endoscopic approaches have yielded a series of EEAs that we have described, consisting of modular approaches to the ventral cranial base extending from the crista galli through the craniocervical junction. These represent fully endoscopic, completely transnasal approaches to the intradural space and rely on a medial to lateral trajectory (as demonstrated in this case) and, thereby, may potentially minimize the approach-related morbidity of conventional techniques. Additional potential advantages offered by direct EEAs include avoiding transgressing the oropharynx, thereby potentially decreasing postoperative swallowing dysfunction secondary to mechanical disruption. In addition, dural reconstruction as demonstrated in this case is significantly easier in comparison with transoral approaches. We think this is partially because of the avoidance of oropharyngeal bacterial flora and increased vascularity of the nasopharynx when compared with the oropharynx. Finally, in our opinion, the visualization offered by endoscopic endonasal routes is superior to transoral approaches and is at least comparable with conventional microsurgical approaches, as demonstrated in this case.
The fundamental principle of EEA that supersedes all other considerations is the ability to maintain bimanual dissection, which is of even greater importance in the case of addressing vascular lesions. Critical additional considerations in cerebrovascular surgery include being able to achieve proximal and distal control as well as maintain detailed visualization to preserve neurovascular structures, particularly small perfora- tors. In this report, we have demonstrated the ability to adhere to all of these principles of cerebrovascular structure. Obviously, in this case, the aneurysm was partially secured with endovascular therapy, making the dissection significantly safer. The next concern will be the ability to safely manage an intraoperative rupture from a completely unsecured aneurysm. Although we have successfully managed significant arterial bleeding from intracranial vessels, the ability to manage an aneurysmal rupture remains completely unanswered.
CONCLUSION
Over the past decade, the evolving role of endoscopy within neurosurgery has given rise to the emergence of endoneurosurgery as a field. Increasing technological developments have led to the applications of the endoscope to the cranial base and cerebrovascular surgery (4) . In this case, a vertebral aneurysm causing medullary compression that would likely prove to be difficult to access via conventional approaches was accessed via a direct ventral route using the EEA. Although we have reported our previous experience with EEA in achieving arterial hemostasis from intracranial large-vessel bleeding, this report, in and of itself, is limited in addressing the ability to manage an intraoperative aneurismal rupture. Nevertheless, this case is important in establishing the feasibility of the access, the equipment required, and the ability to adhere to the principles of cerebrovascular surgery, including the endonasal application of aneurysm clips.
We think that EEA may have a very specific role for certain well-selected intracranial aneurysms with ventral orientation that are not amenable to endovascular therapy or conventional microsurgical approaches. EEA is unlikely to replace microsurgical techniques for cerebral aneurysm repair, but is more likely to provide an additional tool in the armamentarium of the cerebrovascular surgeon, perhaps, as this case demonstrated, as a part of multimodality therapy. We think it will be most useful for posterior circulation aneurysms located along the midline behind the clivus that are suitable for direct access and that are difficult to reach via conventional approaches. Long-term outcome data addressing safety and efficacy will be needed to definitively establish the role of this technique among the others available.
Finally, it is imperative to stress that the application of EEA for the purposes of aneurysmal repair must be pursued only after significant experience with the procedure has been gained. In our institution, we undertook EEAs for a variety of pathologies for 7 years before using it for aneurysm repair. Complication avoidance is addressed by the incremental acquisition of endoscopic skills and by becoming comfortable with endoscopic anatomy, instrumentation, and, most importantly, team surgery. These principles are critical in the learning curve, and incremental growth should be rigorously adhered to. Before undertaking EEA for an unsecured aneurysm, we opted to do so with a well-suited, partially secured aneurysm to address the feasibility and ensure principles of cerebrovascular surgery could be maintained. cated by others without the same long and arduous practice remains to be seen. This single operation may be seen as an impressive validation of proof of concept. However, its value and place in cerebrovascular practice will be defined only after a statistically meaningful number of cases have been performed.
Peter Nakaji Robert F. Spetzler Phoenix, Arizona
